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1. FFTE4 & o] &% pfft~ xover~2BAE &L{

pfft~ xover~i FFTEAYS T3 AAHH 7

_

+ F3(crossover
frequency) ol wet d8€ A5 Fa5 e UrolFe LBAE
ojlt}y, [(1¥H—-6]2 pfft~ xover~2 Zr& et A B i x|o|t},

=

* crossover
* noise in. * signal in. frequency.

—— m dspstate~
|
' _
[ \
l

* FFT size.
\

T
'
L}
'
'
'
1
'
'
'
P e | -
fft~ xover~ 1024 2 TETITTE ' |
T TH2] L ! 11024,
'
i
'
T

5\ ; T
(7 .""-"1'";"- ‘l * fundamental
m m L )] frequency of
T ™~ i the FFT.

« frequencies * frequencies
below crossover. above crossover.

[2%—-6] pfft~ xover~2 ZF g AB HX

kY
]
[l

\

_

® crossover

()

o

pfft~ xover~2 WHE HW A}RXTZ frrin~QBAEZ g]guloe}
FFETAlo] @ dolHzE  w®Wstt. gt fftinfo~2HAES]
dspstate~2HAES 3] dHoJg 7|  F34(fundamental
frequency of the FFT)7} AAH 1 o] FuE 7|Fo2 7|& F3
To HAE A4t A9 T Faare >~LBAER JEEo| A
49 71+ Fage vHladn, 7 FakErt Ve FaaEdg aW R
29 A3t F(true) o] EE 10] E¥EO| +~BAE (YA ghl
17 dal4d 27F ¥ i gate~QLHAES] 29 o}2-223)S At N &
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2. FFT £4< o] &% pitch shift

pitch shiftt= Y8 EH+= 292 A5 &4 (pitch) & HIIA| 7| = AR
T o]dEoY, B dFo|AE  fbinshift~QBAEES  A}g3}0]
fftPitchShiftL (left =1g), fftPitchShiftR (right AHg)o]gh= = vt
=0 AR&SFlnl. fitPitchShiftLe] WHE KW ARFEE fftin~O%
kol FFTEA 0] @ dolHz WEgth o]ed ] vigkd A& vo]

Bl W3l 39 (frequency shift) ¥Ha 24 9o] 87 A Y W& 7o)

e sound in.

1
[ ]
s

« frequency
T shiftin Hz.

—

* frequency
shift in Hz.

2 L

=
3

——

]
-

fft~ fitPitchShiftL 512

T
—

.-|I
i

(]
E---

=

inshift~

&
(
)

[1¥—7] pitch shiftd ZF =9 B X
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3. chorus &3

chorust= ddlo](delay) AlEe adolm site] AMEEE o2/l E
o] AAskE A 2 A= 5743 9124 (phase) o] mAlsHAl &
gt &3 F2 a%E £} chorus &3+ delay timedl rand~2H
AEZ o]&3te] A3t noiseds EEdoldel &3t FHIAUTL

138 —-8]2 chorusE Td3E #j x]o]t}.

—

..................... " Chorus

m =sound in.
'
' \
m E « left delay time.

* right delay time. = chorus rate. +chorus depth.

| I
\
L
A\
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4. flanger &3}
flanger T3t delay Al¥99 & ot} F

=23t &Yo|t}. flanger &3+ delay time®l cycle~%
o] g3t A3 LFO(low frequency oscillator)25E %] -g3}¢]

At [28-9]+ flangerE 33 g x|o|t},

m = sound in.
Flanger

......................

1
L}
Li“ ! « left delay time. - right delay time. - flanger rate. «flanger depth.

\
1

S & (. -
\ 1
|

25) AR Floll Sl MR W2 5901 ~ 18H2) AEE HAA 488t
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5. amplitude modulation

amplitude modulatione 2%
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amplitude modulations Fd3s7] YA 71E

B>
A
3
o
N
rO

B +1¢ HHE 7HAH P gho
29 JEA717] Y8t 0~12 vty o] g€ W3kE modulatord

carrier oscillator®} A7]el WZEZE 7}l modulator’} Q3
=]

modulator®] U2 A|149S -1F
A 192 carrier oscillator®] 43 Ztoll dafjx WHEE o7t

e carrier oscillator * modulator

* carrier * modulator
frequency l frequency
oyole-

T

- - -p
B
]
b |
]
i

©

t

c
(11,000Hz)

[(2¥-10] amplitude modulation 3]
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6. M=9] (beating)

F « 441Hz.

MY

--------------------------------------

T

[28-11] #Eo] oA
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7. AEEE ARRE A2E HE
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0.7
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Y
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&
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>
Mo
[

chorus, flanger, amplitude modulation, beating® IZnH&ES =4
sto] 54 WMEE doith dot ARt U e QIHHAAE F

o AFHZE AFHY F&59 22892 Azure Kinect DKE F35}9

o

AFEHZ A$3¥ T O0SC(open sound control)2?E418 E3Fo] Max
#

A=) 249 Maxel Qo] Ao R A}

QC|Q QIE{I|0]A PC
pfft~ xover~
= w—' chorus
flanger
Azure Kinect DK pitch shift -7 EG’)
_—wa  —y | amplitude modulation
N beating

[2¥-15] AR-E ZE2A AlAH

27) UC Berkeley tfgte] CNMATelA] 7kt Sob2lQl S5 A2k HESD 22 e

1

_18_



1. pfft~ xover~S AREE FE&599 AEHA

pfft~ xover~i olx AT F g A9 9H]dE (ambient)
AREEZO S AYFHEA FEF FA Sl W S WHIA7] 9
sto] AFREHAT FE&7o 28 £xv otde [a¥-16]3 o]
OSCEA& F38to] Max= 599 AF&%+= crossover frequency? W

Sl ghA ke 3l

r oscReceiveFromFront [RNel{el i
route /hand_r_feedbackForce [RRKeI=r-X¢|

AE 58,
scale 0.0001 0.01 220. 880. [EN=|[][3 RSk N
Xover/CFFreq

220.00

e . 3
~ xover~ 1024 2 pfft~ xover~ 1024 2

) T ([RSE———

)
o
I

16] pfft~ xover~S ARE% AE M

28) AW E AAol EAs AT Bo7IE Frste WP A=
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2. chorus & flangerE AFE-3t T899 Qg aAA

T80 L7018 choruset flangerd modulator T35 v A sHA
ZAFHFo] AU EL =79 A= X F Ao Jojdt) FE59 @
249 £ = chorus rate?d} flanger rates 43k},

route /hand_r_feedbackForce [ERK°I=r3=]
ﬂ

&

P ] Z & £E.

scal

-
e 0.0001 0.01 5. 10. [Re ][z RTER scale 0.0001 0.01 3. 14. [R¥c ISRk &

Flanger

Chorus

[18—17] chorus & flangerZE AF&3F Qe A
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3. pitch shift & amplitude modulations A3+ F-L859}9] Qe HA

8o Al s AwAQl S WEE F1x) pitch shifts}
amplitude modulatione A3} A= o|HEE A2kl t). 2 A
Ao Z47F 2 g o Z pitch shifts HEaklon &

= dFdth<E-3>

gdlo] (delay) & dojFo] $17del R3S

(

SRR

% gt
<E-3> F8£57)1 AEESI= AIE-E o|HE
AL E ol B P
pitch shift frequency shift =
delay delay time -
amplitude modulation = modulator frequency
#k
=
2]

amplitude modulation® modulator frequency® ¢ z+7z+ t}&

Folth £ 5 e AFHE LS ZRAY seteie)

o =
@3 Mol AHEAATECE—1>

<E-4> AHHEH L AMEe] wgE 7k ¥
LEE AU

EERE BERE!
frequency shift 0 ~ 48Hz 0 ~ b2Hz
delay time - 48ms
modulator frequency 0 ~ 800Hz 0 ~ 880Hz
[1¥—-18] pitch shift?} amplitude modulations AF&3to] &
AME TR Aol
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o 227 =20| route /hand_|_feedbackForce /hand_r_feedbackForce

Sk 8.

|

PitchD...

or" L eoames

K
1 H 48.00
1
: -
1

=
"= =

fit~ ftPitchShiftL 512 pfit~ fftPitchShiftR 512 PR S R ]
T

T

T, (ESSSSN—
(-~

-

--

)

I

am

800.00

B o
Io
S
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HAHFE S (computer music), Max, TouchDesigner,
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AAZE AR5 Z 2 M4 (real—time sound processing),

& (dance), A& E AFSE (surround sound)

E—mail: frd.lee@icloud.com

_43_




1. @3 &

7A9nl, TAbe-= t)xlels 93k WA, (Real lies Media, 2017)

o
o
ro,

r%oL%z‘ﬂ:fﬂ (/\]/g%]-, 2003)

= o 1 d =t

Mike Bailey, Steve Cunningham, "Graphics Shaders: Theory and
Practice, Second Edition,, (A K Peters/CRC Press, 2016)

Roger T. Dean, "The Oxford Handbook of Computer Musicy,
(Oxford University Press, 2009)

Randima Fernando, "GPU Gems: Programming Techniques, Tips
and Tricks for Real—Time Graphicsy, (Addison—Wesley

Professional, 2004)

William M. Hartmann, "Principles of Musical Acousticsy,
(Springer, 2013)

Meinard Muller, TFundamentals of Music Processing: Audio,

Analysis, Algorithms, Applications,, (Springer, 2016)

Agnieszka Roginska, "Immersive Sound: The Art and Science of
Binaural and Multi—Channel Audioy, (Routledge, 2017)

Curtis Roads, "The Computer for musicy, (MIT Press, 1996)

- 44 -



Davide Santini, "TouchDesigner Introduction to GLSLJ, (2020)

7o T2 A4 W (Projection Mapping)©] 2&% o|WlE 27+ 73
AL, (FFAU A s st s A, 2013)

|17} Tylopw9] AT AFRE ZTZAAS o] &3t ClE|HE|H HE|n|t]o]
HyAA AF(HER| T o]et #F <Meaningless DS TH0%) ),
(Fodsty gddiste Hendolsty), 2018)

o

o128 TMax/MSP2} New Media ArtES ©o]-&3F QE|HE]H HE|m|T]o]
HEAA A AFCHEA| Y ol5et &% <Eternity>E SHOZE) ,,
(Todste FAgerd Helvgosty}, 2020)

BN
o,
N
oY

Z Tlg T2 BE 49 $8F 54 AT, (&

A16¢ A1z, 2011)

12

ol ZA
== A Zroll 4] Kinect® motion
of|&2e+3] =A A58 A1E, 2013)

Reinhold Behringer, "Gesture Interaction for Electronic Music

Performancey, 2007

Teresa Marrin Nakra, TThe Digital Baton: a Versatile

Performance Instrumenty, 1997

_45_



Teresa Marrin Nakra, "The UBS Virtual Maestro: an Interactive

Conducting Systemg, 2009

Teresa Marrin Nakra, Fflnside the Conductor's Jacket: Analysis,

Interpretation and Musical Synthesis of Expressive Gestures, 2000
Max V. Mathews, "The Radio Baton and Conductor Program, or:
Pitch, the Most Important and Least Expressive Part of
Musicy, 1991
Joseph A. Paradiso, "The Brain Opera Technology: New
Instruments and Gestural Sensors for Musical Interaction

and Performancey, 1999

Jos Stam, "Real-Time Fluid Dynamics for Games,, Proceedings

of the Game Developer Conference, 2003

3. Aol E

Azure Kinect DK: https://azure.microsoft.com/en—us/

Max/MSP: https://cycling74.com

TouchDesigner: https://derivative.ca

Wayne Siegel: https://waynesiegel.dk

_46_



ABSTRACT

Interactive multimedia producing study

based on recognition of dancer's movement

(focuse on Multimedia Music <Circles>)

Lee, Gwan Gyu
Department of Multimedia
Graduate School of Digital Image and Contents

Dongguk University

This study aims to create interactive multimedia that is
combined music and dance. This study started with the question.
What if the dancers could "dance the music" rather than "dance
to the music"? In this study, Azure Kinect DK is used for motion
tracking, and TouchDesigner is used to get the data of Azure
Kinect DK. The data is sent to Max/MSP through OSC to create
real—time sound processing with piano. A piano can make
various sounds; however, there are limitations. These limitations
were overcome with sound processing using Max/MSP and

surround sound system.
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Sound processings are made of reverb, amplitude modulation,
chorus, flanger, and spectral crossover using pfft~ xover~ object
in Max/MSP. These sound processings are controlled by the
speed of the dancer's hands in real—time. The dancer's hands
also create visuals, and the size and color are changed by sound
and dancer.

This study shows that this interactive multimedia helped to
accept artistic expressions more effectively than conventional

dance performances.
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1. Circles_stereo.mp4: 2021d 11¥€ 13Y ola|FoE==4 T A3

(stereo version)

2. Circles_quad.wav: 2021d 11€ 13¥ ola|gd&=4 3 213 39

(quad version)
3. Circles_Max_MSP: A}¢-= A A Max 3 X

4. Circles_TouchDesigner: U574 A]2A®l TouchDesigner 3| %]
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